The growth method of comparing the nutritive value of proteins, namely the estimation of protein efficiency ratio (P.E.R.) has long been popular because of its simplicity despite its well-known drawbacks (Mitchell, 1944) .
VOl. I 1
Biological value of proteins 141 the test protein at 10 yo level, the other on a non-protein diet. At the end of the 7-or lo-day feeding period the animals were weighed and the protein intake was measured.
N.P.R. is defined as (gain in weight of test-group floss of weight of non-protein group) +-protein intake. It thus measures the protein used for growth and the protein used for maintenance. In practice seven test groups and one non-protein group were run simultaneously. The groups were from four litters each of eight rats.
Protein retention efficiency (P.R.E.). This term was given to the value obtained by converting N.P.R. into a percentage scale by use of an experimentally determined factor as described on p. 142.
RESULTS

Constancy of N.P.R.
The variation of P.E.R. with food intake (Bender, 1956 ) is to be expected from theoretical considerations ( Table I) . From similar calculations it follows that N.P.R. should be independent of food intake ( Table I) . The correctness of this theoretical treatment was borne out by results obtained with roller-dried skim milk tested on six occasions and with bread fortified with lysine tested on five occasions (Table I) , when ad lib. feeding resulted in varying food intakes. The P.E.R.'S varied with the food consumption, but the N.P.R.'S and N . P .~. ' S were relatively constant. N.P.R. and N.P.U. The N.P.U.'S were measured on thirty-five proteins and mixtures of proteins, each value being replicated several times ( Table 2) . From the same data the P.E.R.'S and N.P.R.'S were calculated. Replicated P.E.R.'S showed wide variations (mean coefficient of variation 41.0) but N.P.R.'S were relatively constant (mean coefficient of variation 7.4). N.P.R. correlated with very high significance with N.P.U. (computed from the mean values): y=3*3+ 15.5~ (Y=N.P.u., x=N.P.R.); r=o.986; P@O.OI (Fig. I) .
Relation between
The observed regression line begins very close to the origin and rises to a maximum of 6.24, corresponding to N.P.U. of 100. This range compares with that for P.E.R. of 0-4-41 (Bender, 1956 Body composition I n view of the well-established fact that body composition varies with diet, age, length of feeding period, and many other factors, the finding that a weight method of measuring nutritive value (N.P.R.) correlated so well with N analysis (N.P.u.) was unexpected. Therefore a number of carcasses were analysed, after various diets had been fed, to determine the significance of the variation in body composition.
Groups of four rats were fed on various protein and non-protein diets for 7 or 14 days, killed when 44 days old, and the carcasses analysed for water, fat and protein ( Table 3 ). The rats fed on 10 yo fish meal had very little more fat than the corresponding non-protein group, accordingly the percentage N and water in the two groups was the same. Despite significant differences in body composition between the egg-and the casein-fed rats and their non-protein groups, the differences between N.P.U. and P.R.E. werenegligible. It is noteworthy that the rats fed on the 10 yo casein diet for 7 days contained 4% less fat than those fed on the same diet for 14 days (Tables 3 and 4).
T o ascertain whether the fat was still low in older animals, groups of rats of different ages were fed on 10% casein diets or on non-protein diets for 14 days and their carcasses analysed ( Table 4 ). The fat content of the rats of all the ages examined was low, although the fat of the protein-fed animals was approximately double that of the rats A total of 378 rats aged 27-32 days were fed on various protein diets at a 10% protein level for 10 days and their carcasses analysed for total N. The mean N content was 2.68 f 0.13 (s.D.) yo of the body-weight. Ninety-three rats of similar age range were fed on the non-protein diet for 10 days and their mean N content was 2.81 k 0.13 (s.D.)% of the body-weight. These two values differ significantly(P<o.oI).
Net protein ratio
Fig. I . Correlation between net protein utilization ( y ) a n d net protein ratio (x).
y=3'3+r5'5x; r=0.986; P < o . o I . t See second footnote to Table 3 .
DISCUSSION
Relation between growth and nitrogen balance
It has been usual in discussing methods of protein evaluation to separate growth methods from methods that involve the measurement of N balance (Fixsen, 1934- . I n principle, this separation has no significance. Balance methods give the percentage of the protein retained in the body. Growth methods apparently give only the weight increase, but if it is converted to a protein increase relative to protein fed, and allowance is made for maintenance requirements as in the procedure described in this paper, then this value also becomes a measurement of the percentage of protein retained in the body. T o convert weight increase into protein increase it would be necessary to multiply it by the percentage of protein in the new tissue. The percentage of protein in the whole rat was 16-75 (determined on 382 animals fed on normal diets). The factor found empirically to convert N.P.R. to P.R.E. was 16. The difference is apparently due to the fact that the protein content of the new tissue is not quite the same as that of the whole carcass.
The new term, protein retention efficiency, is justified because, although it measures N retention just as does N.P.u., the latter has the connotation of being derived from N-balance estimations, whereas P.R.E. is derived from weight changes.
Constancy of body composition
The modification of the P.E.R. method described here overcomes its major disadvantages, but is still apparently subject to the criticism of any growth method, namely, that the gain in body-weight does not necessarily bear a constant relation to the new protein tissue.
It has been shown by many workers that the composition of the body-weight gain varies with the type of diet (Mitchell & Carman, 1926; Beadles, Quisenberry, Nakamura & Mitchell, 1933 ; Kik, 1938; Hamilton, 1939) . An examination of their findings, however, shows that these differences, which are mainly in the quantity of fat deposited, have very little effect on the percentage N of the total carcass. The variations in N are so small in relation to any biological measurement that they can be ignored. I n Table 4 the fat content of the protein-fed rats is approximately double that of the non-protein VOl. I 1 Biological value of proteins I47 8 %.
group, yet the percentage of N in the bodies of the two groups differs by only about Barnes, Maack, Knight & Burr (1945) found that rats fed on proteins at various levels for 42 days contained 17.8 yo protein (2.85 yo N) f I I yo (total range). This they considered to be within the normal range for biological experiments with small numbers of animals. Beadles et al. (1933) showed that after feeding of equal quantities of two rations, although the two groups showed the same weight gains, these gains differed in composition. The feeding period was 50 days, compared with our 10-day period, but even then the N contents of the two groups were 2-71 and 2.53 yo respectively, differing by only 6.7 yo.
Apart from this evidence that N is a fairly constant fraction of the total body in young rats, the fact that we show such good agreement between N.P.U. (derived from carcass N) and P.R.E. (derived from body-weight) demonstrates the insignificance of the variations in body composition in biological measurements of this kind.
Application of P.R.E.
Despite the drawbacks to protein evaluation by the estimation of P.E.R. (Mitchell, 1944) the method is still widely used because of its simplicity. The measurement of P.R.E. retains all the simplicity of this method and overcomes most of the drawbacks. In addition, proteins that do not promote growth can be evaluated. Moreover, as the results are expressed on a percentage basis they are more readily interpreted. SUMMARY I. A modification of the commonly used growth method of assessing the nutritive value of proteins, the protein efficiency ratio, has been described and tentatively named protein retention efficiency (P.R.E.).
The procedure for obtaining this index consists of feeding a group of four rats on a diet containing 10 yo of the test protein, and a group of litter-mates on a non-protein diet. After 10 days feeding, the (algebraic) difference between the gains in weight of the two groups divided by the weight of protein eaten is defined to be the net protein ratio (N.P.R.). This ratio multiplied by 16, to correct it to a range of 0-100, is called the protein retention efficiency (P.R.E.). 2. The P.R.E. was shown to correlate extremely highly with the net protein utilization determined by carcass analysis.
3. P.R.E. was shown to be independent of food intake. It includes the maintenance requirements of the test animal as well as the growth requirements.
4. Although the fat content of animals on different diets varied, this variation was small and had no marked effect on the percentage nitrogen of the body. It is concluded that body-weight is a reasonably accurate index of body protein in young growing rats.
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